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Thereisadireneedtodevelopanyantiviral therapy for the treatment of SARS-CoV-2. Objective:
To investigate the potential therapeutic drug agents from Cymbopogon citratus compounds
against the main-protease (M™) of SARS-CoV-2. Methods: Initial screening was carried out
using molecular docking, dynamic simulation followed by ADMET profiling and Lipinski's
physiochemical parameters for prediction of drug likeliness. MOE/PyRx was used for docking
before determining the stability of the best complexes through NAMD/VMD softwares.
Moreover, SwissADME and admetSAR web-based tools were used for drug likeliness of the best
complexes. Results: Out of total 50 compounds, 11presented the lowest binding energies which
includes tannic acid, isoorientin, swertiajaponin, chlorogenic acid, cymbopogonol, warfarin,
citral diethylacetal, citral acetate, luteolin, kaempferol and cianidanol with binding energies of -
8.12, -7.38, -7.33, -6.88, -6.48, -6.32, -6.31, -6.18, -6.18, -6.13 and -6.02, respectively. Current
studies show isoorientin, chlorogenic acid and tannic acid as the promising drug agents using
RMSD, Hbond, heatmap graphs. Conclusion: Further in-vivo experiments are suggested to
ascertainthe medicinal use of these potentialinhibitorsagainst COVID-19.

INTRODUCTION

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), the causative agent of COVID-19, is an enveloped
positive-sense, single-stranded RNA virus that has the
potential to cause infections in the respiratory,
gastrointestinal, nervous, and hepatic systems in humans
[1, 2]. The novel coronavirus emerged in Wuhan, China, in
late 2019 during an outbreak and it belongs to the same
family as Middle East Respiratory Syndrome Coronavirus
(MERS) and Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV) [3]. The novel coronavirus
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transmit human-to-human through aerosol and uses
Angiotensin-converting enzyme 2 (ACE2) receptor to
cause infectivity [4]. The symptoms of COVID-19 infection
appear after approximately 5.2 days and include cough,
fever, fatigue or myalgia, pneumonia, and dyspnea [2].
Currently, there is a lack of any antiviral therapy for the
treatment of COVID-19. However, the limited measures that
have been implemented include many supportive and
preventive therapies to prevent organ damage and further
complications [5]. The main protease, also known as
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3CLPro, is a key enzyme of SARS-CoV-2 that plays a major
role in viral replication and transcription [6]. The Mpro
processesthe ORFlab polyprotein by recognizingaspecific
motif sequence and producing smaller functional proteins
that are essential for viral replication [7]. The M*™ is a
potential target for designing antiviral drugs that can
inhibit the enzyme's activity and prevent viral replication
[8]. The 3CL" is composed of anti-parallel, six-stranded
B-barrels at the substrate-binding site that span through
the protease-like picornavirus 3C domain Il and protease-
like chymotrypsin-3C domain | [9]. The dimerization
process is regulated by the globular structure of five
helices that are present between residues 198-303 in
domain Ill, and this process occurs through salt bridge
interactions between Arg4 and Glu290 [6, 10]. Many
compounds derived from medicinal plants have been
reported to have antiviral activity. One such plant is
Cymbopogon citratus, commonly known as lemongrass,
whichbelongstothe Gramineae family[11,12]. Lemongrass
possesses arange of pharmacological activities, including
antimicrobial, antifungal, anti-inflammatory, antioxidant,
anti-nociceptive, anti-diarrheal, and anti-obesity
properties [13-15]. These properties are due to the
presence of essential oils, flavonoids, phenolic
compounds, and other phytochemical constituents in the
herb [16, 17]. In this study, the potential inhibitors from C.
citratus compounds were predicted against SARS-CoV-2
main-protease using molecular docking and dynamic
simulation analysis. Main-protease was docked and
redocked with C. citratus compounds using Molecular
Docking Environment (MOE) and PyRx software to validate
results. The binding energies of different compounds were
calculated and potential inhibitors were scrutinized for
further analysis. The stability and conformational changes
of the complexes were calculated by molecular dynamic
simulations using NAMD/VMD software. Additionally, the
physicochemical and drug likeliness properties of the
ligands was calculated using SwissADME, admetSAR and
Pfizer'srule of five.

METHODS

Dataset preparation

Alibrary of 50 compounds from Cymbopogon citratus was
prepared having antiviral, antimicrobial, anti-fungal, anti-
inflammatory, antioxidant, and anti-nociceptive
properties. 3D-structures were retrieved from PubChem,
DrugBank databases or by sketching on chemdraw. Prior to
any analyses some preparatory changes were made in
ligands structure like addition of hydrogen, assigning
charges and energy minimization by universal force field
(UFF) with conjugate gradient algorithm of 500 iteration.
The chemical compounds of Cymbopogon citratus are
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given in Supplementary Table S1. The main protease also
abbreviatedas 3CL™, isthe key enzyme in SARS-CoV-2 that
has a main role in viral replication and transcription. The
3D-crystal structure of targeted protein wasretrieved from
Protein Data Bank (PDB ID: 6LU7). Beside the removal of
repeated chains, heteroatoms, water molecules and
already attached ligand, the missing hydrogen atoms were
added to make correct protein conformer. Energy
minimization was done with Chimera using AMBER
forcefield (AMBER ff14SB). The properties of main-
protease are givenin Supplementary Table S2 while crystal
structureisshownin Supplementary Figure S1.

Virtual library screening of Cymbopogon citratus against
SARS-CoV-2M™

Virtual screening of selected dataset was performed by
MOE and PyRx to validate results. The amino acid sequence
of active site of protein was eitherretrieved fromliterature
or using automatic active site finder. Grid box was created
with dimension of 20x20x20 A around the active site of
proteinandligand to specify docking. PyRx uses Auto-dock
vina to perform docking and computing binding energy by
calculating difference between the sum of energy in free
state of ligand and protein and sum of energy in protein-
ligand complex using AMBER3. The binding energy (AG) of
protein-ligand interactions was calculated using following
empirical equation[18].

AG= (VL-Lbound_ VL-Lunbound) + (VP-Pbound_ Ve
AS,,.)

where P refers to the protein, L refers to the ligand, V™",
energy in bounded state of ligand, V..., energy in
unbounded state of ligand, V", ,energy in bounded state
of protein, V', ...energy in unbounded state of protein, V"~
Lme€Nergy in bounded state of protein and ligand, V™"
energy in unbounded state of protein and ligand, AS,,,
denotesthelossof conformational entropyuponbinding.
Calculation of properties using ADMET analysis

The pharmacokinetic and pharmacological properties of
ligands which gave best binding scores were calculated to
understand the pharmacokinetic role. AdmetSAR and
pkCSMweb-basedtoolswere used forthis purpose.
Molecular dynamic simulations of the top-scoring ligand-
protein complex

The molecular dynamic (MD) simulation was performed
using NAMD software to examine complex stability and
flexibility by allowing to interact in virtual environment
similar to human body. Ligands that gave the best docking
scores against target protein and have pharmacological
properties were selected for post docking analysis. The
protein-ligand complex was prepared in same orientation
with maximum score for simulation studies. The
coordinates of best ligand having highest binding score
was embedded in the protein file. The VMD software was

) + (VP-Lbuund - VP-L

unbound unbound +

unbound
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used to build the topologies of ligand and protein to define
bonds and angles, number of molecules and atom typesin
simulation system. The simulation inputs of ligands were
built from CHARMM-GUI web server with CHARMM36
forcefield. The VMD software consists of Automatic PSF
Generation which was utilized to convert the protein
structure to PSF format. Afterwards, both files were
merged and solvated to create a cubic box of water around
the complex. Molecular dynamic simulation was run at 0.1
ns(50,000 steps). The energy minimization was done using
conjugate gradient method. The periodic boundary
conditions were established for energy minimized complex
to run simulation. A constant temperature 310K and 1atm
pressure was established for the simulation process. After
adjusting all the parameters, the MD simulation was
executed using NAMD software. Afterwards, the results
were analyzed by plotting histogram of RMSD, hydrogen
bondand heat map.

RESULTS

Molecular dockingusing MOE

Molecular docking is a computational approach used to
study the interactions between protein and ligands. In this
study, the main protease was docked with 50 compounds
of Cymbopogon citratus to predict the potential drug
agents. The binding energies are listed in Supplementary
Table S3. The negative values of binding energy define the
release of energy during docking, considering the ligands
having high affinity for target protein. The 2 and 3-
dimensional interaction of C. citratus compound which
gave the highest score with main proteaseisgiveninFigure
1. while rest of ligands interaction are given in
Supplementary Figure S2.
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Figure 1: Two dimensional and three-dimensional interactions of
Isoorientinwith6LU7

Redockingusing PyRx

The three top ligands based on the lowest binding scores
with M”® using MOE were selected for further analysis.
Before MD simulation, these ligands were first redocked
with M™ using PyRx to validate the results since both
softwares uses different algorithms. The binding scores
obtainedfromdockingarelistedinTable1.

Computational Prediction of Cymbopogon Citratus Compounds
DOI: https://doi.org/10.54393/fbt.v2i01.23

Compounds Dogmgﬁggres Doigrkoi:? ;;’c;:xres
Tannic acid -8.12501807 -6.6
Chlorogenic acid -6.88325262 -6.8
Swertiajaponin -7.33355188 -5.8
Isoorientin -7.38438511 -6.7
Warfarin -6.32509041 -7.5
Citral diethyl acetal -6.30906057 -4.6
Citral acetate -6.18121672 -5.0
Luteolin -6.17798948 -7.1
Kaempferol -6.13175917 -6.7
Cianidanol -6.02349663 -6.8

Table 1: The binding energies (AG) of 10 compounds of C. citratus
withthe main protease

Druglikeliness and toxicity risk prediction

The drug likeliness attributes, pharmacokinetics and
pharmacological properties of 11 compounds that gave the
lowest binding scores were computed using Lipinski's rule
and ADMET profiling.

Lipinski'srule of five

The Lipinski's rule physiochemical parameters were
studied usingthe admetSAR and results are shownin Table
2. Out of 11 compounds, only tannic acid showed three
violations having molecular weight, number of hydrogen
bond donors, and number of hydrogen bond acceptors
greater than 500Da, 5 and 10 respectively while rest of the
ligands including isoorientin, swertiajaponin, chlorogenic
acidand cymbopogonol showedtwo orlessviolations.

A Molepular logP H-Bond| H-Bond .
igand Weight (<5 Donor | Acceptor | Violations
(<500Da) (5) (<10)

Tannic acid 636.47 |-0.28 n 18 3
Isoorientin 448.38 |-0.20 8 n 2
Swertiajaponin 462.40 | 0.10 7 n 2
Chlorogenic acid 354.31 | -0.65 6 9 1
Cymbopogonol 426.72 | 8.02 1 1 1
Warfarin 308.33 3.61 1 4 0
Citral diethyl acetal | 226.36 | 4.08 0 2 0
Citral acetate 210.27 2.77 0 3 0
Luteolin 286.24 | 2.28 4 6 0
Kaempferol 286.24 | 2.28 4 6 0
Cianidanol 290.27 | 1.55 5 6 0

Table 2: The Lipinski's physiochemical parameters of the
selected compounds of C. citratus calculated by admetSAR
profiling

ADMET profiling

The pharmacokinetic and pharmacological properties of 11
compounds were investigated through ADMET profiling by
pkCSMasgiveninTable 3.
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Compounds Abs. Distribution Metabolism Excretion Toxicity
Tannic acid 0.52 0.698 -3.56 N | N N|NJ|N N N 0.417 Y N 2.483
Isoorientin 61.76 1.603 -1.56 N | N N | NJ|N N N 0.372 N N 2.55
Swertiajaponin 43.48 1.204 -1.82 N[ NJ|NJ[N]J|N N N 0.421 N N 2.59
Chlorogenic acid 36.37 0.581 -1.40 N[ NJ|N[N]J|N N N 0.307 N N 1.973
Cymbopogonol 95.93 -0.14 0.75 N[ NJ|NJ[N]J|N N Y 0.172 N N 2.636
Warfarin 96.16 -0.266 -0.17 Y| Y |Y|[N]Y N Y 0.719 N N 1.773
Citral diethyl acetal 95.16 0.213 0.668 N| N|N|NJ|N N N 1.787 N N 1.864
Citral acetate 95.24 -0.064 0.559 N| N|N|NJ|N N N 1.035 N N 1.812
Luteolin 81.1 1.1563 -0.90 Y| N|Y|N|N N N 0.495 N N 2.455
Kaempferol 74.2 1.274 -0.93 Y| N[NJ|NJ|N N N 0.477 N N 2.449
Cianidanol 68.82 1.027 -1.05 N| N|N|NJ|N N N 0.183 N N 2.428

Table 3: The ADMET properties of selected compounds of C. citratus predicted by pkCSM (IA: Intestinal Absorption, VDss: Volume of
Distributioninhumans, BBBP: Blood-Brain Barrier Permeability, ROS: Renal Organic Cation Transporter 2 Substrate), Abs: Absorption
Furthermore, the bioavailability scores, synthetic accessibility, and other physiochemical properties of virtually screened C.
citratus compoundswere also predicted using SwissADME online tooland are listedin Table 4.

Ligand 1;?:;" avgiBIL%ility afg:stgﬁllﬁy Log$s R%tg;zléle
core

Tannic acid 310.66 0.17 5.32 -1.624 7
Isoorientin 201.28 0.17 5.04 -2.398 3
Swertiajaponin |190.28 0.17 5.12 -2.302 4
Chlorogenic acid | 164.75 0. 4.16 -2.457 5
Cymbopogonol | 20.23 0.55 5.52 -4.414 1
Warfarin 67.51 0.55 3.79 -3.953 4
Citral diethyl acetal| 18.46 0.55 3.43 -3.155 8
Citral acetate 43.37 0.55 2.84 -2.918 6
Luteolin m.13 0.55 3.02 -2.999 1
Kaempferol m.3 0.55 3.14 -3.142 1
Cianidanol 110.38 0.55 3.50 -3.101 1

Table 4: The bioavailability scores, synthetic accessibility and
physiochemical properties of virtually screened C. citratus
compounds predicted by SwissADME

Molecular dynamics simulation analysis

The three compounds with highest score were selected for
MD simulation due to its lowest binding energy score. The
stability and flexibility of newly formed complex was
examined by accessing the fluctuations in root mean
square deviation(RMSD)values.

RMSD analysis

Visual Molecular Dynamics(VMD)software was used to find
out the average distance between atom groups by
calculating RMSD values. The RMSD graph of tannic acid in
complex with 6LU7 shows quite stability from 450-850
frames with less than 0.2 A fluctuation. The complex
remained stable most of the time at 1.4 to 1.6 A between
200-900 frames and showed comparatively greater
fluctuation at the start and end of simulation while the
graphs of isoorientin and chlorogenic acid complexes
showed greater stability for longer intervals. The RMSD
values of isoorientin complex fluctuated between 1.3A to
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1.6 A from 25-1000 frames. An abrupt change in values can
be observed in the first half between 50-500 frames,
however, the second half of simulation from 500-1000
frames showed more stability with less fluctuation. The
chlorogenic acid complex showed promising stability
between 1.6 Aand 2 Awithlessthan 0.5 A deviation from 50-
1000 frames. The RMSD graphs of isoorientin, chlorogenic
andtannicacidsareshowninFigure 2.

a) b) <)

Figure 2: The RMSD graph of a) tannic acid b) isoorientin ¢)
chlorogenic acid in complex with the main protease (PDB ID:
6LU7)

Analysis of hydrogenbonds

The stability of complexes was investigated by plotting
histogram of hydrogen bond. The H-bond graphs of tannic
acid, isoorientin and chlorogenic acid are shown in Figure
3. The formation of strong hydrogen bond reduces the gap
between residues and therefore increases the stability of
complex. The hydrogen bond analysis showed that tannic
acid complex has total 7 hydrogen bonds, and the stability
of complex is provided by the bond between ligand (donor)
and GIn127(acceptor)with 52.24% occupancy rate. Out of 7
hydrogen bonds in isoorientin complex, the bond between
ligand (donor) and Glu290 (acceptor) is responsible for
stability of complex which remained steady for 62.41% time
of simulation process. The chlorogenic acid complex had
total 10 hydrogen bonds with maximum stability due to the
bond between ligand (donor) and Asp153 (acceptor with
152.94% occupancy.
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a) )
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Figure 3: H-bond graph of a) tannic acid b) isoorientin c)
chlorogenic acid in complex with the main protease (PDB ID:
BLU7)

Complexanalysis usingheat maps

The heat map plots represent the distribution of a
particular property, such as the potential energy,
temperature, pressure and the density of simulated system
over time. The heat signatures of isoorientin and
chlorogenic acid showed quite stability whereas the tannic
acid depicted low stability within short intervals. The heat
map graph of isoorientin, chlorogenic and tannic acids are
showninFigure 4.

a) b) <)

q e

Figure 4: Heat map of a) tannic acid b) isoorientin ¢) chlorogenic
acidincomplex with the main protease(PDBID: 6LU7)

DISCUSSION

The unavailability of antiviral therapy for the treatment of
novel SARS-CoV-2 to date is alarming. One of the major
limitations in drug discovery is due to RNA nature of its
genome which mutates at a faster rate reducing the
efficacy of drugs and vaccines. The present study aimed to
investigate the potential therapeutic drug agents using
molecular docking and dynamic simulation approaches
from Cymbopogon citratus bioactive compounds against
the main protease whichisapotential drug target of SARS-
CoV-2. The structures of total 50 Cymbopogon citratus
compounds were identified and retrieved from literature
and databases respectively. Their binding energies with
the target protein were calculated through
docking/redocking using MOE/PyRx. The stability and drug
likeliness of ligands which presented lowest binding
energies with viral protein was further evaluated through
MDS and ADMET analysis. The In-silico analysis predicted
isoorientin and chlorogenic acid as the potential inhibitor.
Similar studies have beenreportedin the pastin predicting
the potential inhibitor of this virus. Recent study predicted
the promising inhibitor against main protease from the
compounds of Olea europaea and Curcuma longa [19].
Current study was limited at the computational analysis as
for MDS, systems with high computation powers are
required while our entire analysis was done using personal
computer [20]. Analysis using system with high
computation power are required to reveal the precise
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stability of these complexesforhighertime frames.
CONCLUSIONS

In-silico drug prediction identified several potential
inhibitors of SARS-CoV-2 main protease, including
isoorientin, swertiajaponin, cymbopogonol, and luteolin.
However, further in-vivo investigations studies are
necessary to confirm the medicinal use of these potential
inhibitors.
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